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ABSTRACT
In Tomales Bay, 4-, 5-, and 6-yr-old herring, Clupea harengus pallasi,
comprised 83% by number of the 1988-89 season's gill net catch.
Recruitment of the 1985 year class (4-yr-olds) was relatively good,
comprising 22% of the gill net catch by number.
Average length of the Tomales Bay gill net catch decreased to 197 mm BL
because the percent of 3- and 4-yr-olds in the catch doubled over the
1987-88 season.
Average weight of 4- through 8-yr-olds returned to normal this season,
reversing a downward trend.
The origin of the Tomales Bay catch this season changed to Bodega Bay,
and the possibility that the catch may be from a different stock must
be considered.
In San Francisco Bay, 4-, 5-, and 6-yr-old herring comprised 81% by
number of the gill net catch; average length of the catch stabilized at
195 mm BL.
A subtle gear change this season is believed to have resulted in very
little change in the San Francisco Bay catch characteristics. A
lighter monofilament that stretches easily was used in gill nets this
season. This type gear effectively lowered the mesh size of many gill
nets to 2 in. These gill nets technically were legal (2 1/8 in.) when
measured because they stretched easily.
1/ Marine Resources Administrative Report No. 89-5
l/ Marine Resources Division, 2201 Garden Road, Monterey, California 93940.
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INTRODUCTION
The Department began monitoring the age, size, and sex composition of the
Pacific herring, Clupea harengus pallasi, roe fishery catch in Tomales and San
Francisco Bays in 1973. Spratt (1981, 1982, 1983, 1984, 1985, 1986, 1987, and
1988) reported on data collected by sampling the herring roe fishery from 1973
until 1988. This report complements previous reports to provide a continuous
seasonal series from 1972-73 season through the 1988-89 season.
METHODS
Sampling
This season, sampling was again restricted to the gill net catch. Reilly,
Oda, and Wendell (1989) report on the age and size composition of the San
Francisco Bay purse seine and lampara catch.
In the Tomales Bay area, herring were collected at two off-loading sites at
Marshall and Bodega Bay. In San Francisco Bay, herring were collected at
Sausalito and San Francisco. Up to four samples were taken per day in each bay,
when herring were available. A sample consisted of 2.3 kg (5 lb) and was
collected after vessels unloaded.
All samples were processed in a fresh condition, and laboratory procedures
have remained unchanged since the fishery began in 1973 (Spratt 1981). A 1-kg
(2.2-lb) subsample was randomly selected for processing. Every fish in the
subsample was weighed to the nearest 0.1 g, measured in body length (am BL), and
sex and maturity were determined. Body length was used as the unit of
measurement because the fleshy caudal peduncle of herring makes the hypural plate
difficult to locate. Body length was measured from the tip of the snout to the
end of the silvery part of the body. Otoliths were removed for age determination
and stored in gelatin capsules. Ages were assigned by the author using
previously determined criteria (Spratt 1981), and otoliths were read at least
twice before final age determinations were made.
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RESULTS
A total of 42 samples was collected this season and 364 individual fish were
processed.
Age Composition
Except for the 1981-82 and 1982-83 seasons, 4 through 7-yr-old herring have
dominated the age composition of the Tomales Bay gill net catch, comprising over
80% of the catch the past nine seasons (Table 1). The three dominant age classes
have been either 4-, 5-, and 6-yr-old herring; or 5-. 6-. and 7-yr-old herring.
Changes in the age composition of the catch are influenced by several factors
including: 1) year class strength, 2) gill net mesh size, and 3) time of the
spawning season (early or late) from which the catches are taken. In seasons
with good recruitment or late season catches, 4-, 5-, and 6-yr-olds may dominate
the catch. When fishing occurs early in the season, larger mesh gill nets are
used and the catch may be composed of predominantly 5-. 6-, and 7-yr-old herring.
The overall age composition of the Tomales Bay gill net catch this season
appears normal, with 4- through 6-yr-olds comprising 83% of the catch by number.
Length Composition
The average length of herring in the 1988-89 catch decreased 4 mm to 197 mm
BL (Table 2). The combined average length of 5-, 6- and 7-yr-old herring (Table
3) did not change significantly from the 1987-88 season (Spratt 1988). However,
the increased number of 3- and 4-yr-old herring in the 1988-89 catch, compared
with the 1987-88 season (Table 1) resulted in the decrease in the overall mean
length.
- 3 -
Weight Composition
The mean weight at age of herring in the Tomales Bay catch had been
declining for three seasons, after the dramatic increase in mean weight following
the 1982-83 El Nino (Table 4). This season the combined mean weight of 4-
through 8-yr-olds increased 6 g, to 133 g, which is nearly equal to the long-term
mean of 134 g.
Sex Ratio
The female to male number and biomass (weight) ratios of the 1988-89 Tomales
Bay catch were nearly equal (Table 5). The percent of females in the catch was
54% by number and 55% by weight.
San Francisco Bay
A total of 41 samples was collected this season and 343 individual herring
were processed.
Age Composition
The 1984-85 season was the first full season in which 2 1/8 in. minimum mesh
was allowed in the San Francisco Bay gill net fishery. Since then, 4-, 5-, and
6-yr-olds, have comprised over 77% of the catch (Table 6).
In the 1988-89 season 4-, 5-. and 6-yr-olds accounted for 84% of the catch
by number and 81% by weight (Table 6). In the 1987-88 and 1988-89 seasons. 5-
and 6-yr-old herring have been the two dominant age groups, reflecting the
progression of the relatively strong 1982, 1983 and 1984 year classes. The
relative numbers of 7-yr-olds in the catch this season was 9% by number, the same
as the 1987-88 season. The amount of 7-yr-olds in the catch this season was
expected to increase over the 1987-88 season because of the strength of the 1982
year class.
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Length Composition
There were no significant changes in the average length of 4- through
7-yr-olds (Table 7) from the 1987-88 season (Spratt 1988).
The overall mean length of the gill net catch in San Francisco Bay was
expected to increase again this season because of the relatively strong 1982,
1983, and 1984 year classes. However, the percent of 7-yr-olds in the catch was
less than anticipated and the overall mean length was unchanged at 195 mm BL
(Table 2).
Weight Composition
The overall weight composition of the San Francisco Bay gill net catch
(Table 6) parallels that of the age composition. The gill net catch was
predominantly 4-, 5-, and 6-yr-old herring, which comprised 81% by weight of the
catch.
Sex Ratio
The San Francisco Bay gill net catch was composed of nearly equal numbers of
male and female herring (Table 5). As this fishery is a roe fishery, the volume
of catch is secondary to quality of catch. Lower female to male sex ratios
reduce the amount of herring roe in a given catch and have a negative economic
impact on the fishery.
DISCUSSION
Tomales Bay
The 1988-89 season was unusual. Spawning escapement in Tomales Bay was an
all time low of 167 tons (Spratt 1989) and most of the catch was taken from
Bodega Bay. It is possible that herring spawning in Bodega Bay may be a separate
Itock and that the catch data from this season may not be representative of
Tomales Bay herring.
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The current status of the Tomales Bay herring population is questionable.
The fluctuations in spawning escapement since the 1984 El Nino (Spratt 1989) and
the change in fishing location from Tomales Bay to Bodega Bay this season
indicate either: 1) a decline in abundance, or 2) a change in distribution of the
population.
There have been two seasons (1977-78 and 1982-83) in which spawning
escapement in Tomales Bay hit unexpected highs (Spratt 1989). These two peak
seasons were probably the result of movement of herring to Tomales Bay from an
unknown area. San Francisco Bay is the most probable source of the additional
spawning biomass for these two seasons. Conversely, it is also possible for
herring to move the opposite direction from Tomales Bay to San Francisco Bay or
elsewhere. The relationship between these two major herring spawning areas is
unknown. The fact that there has not been a significant change in the biological
characteristics of the Tomales Bay catch supports the concept of stock movement.
A decline in biomass of the magnitude indicated should have had an effect on the
age and size composition of the catch.
Sixteen seasons of catch and spawn data are available. This short time
series of data is not sufficient to empirically determine the relationship
between Tomales and San Francisco Bay herring populations.
San Francisco Bay
The San Francisco Bay herring population has increased from the 1983-84
season to the 1987-88 due to five consecutive relatively strong year classes
(1982 through 1986). The 1987 year class (2-yr-olds) appears to be average
(Reilly, Oda, and Wendell 1989) and not strong enough to maintain the increasing
trend.
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Three, 4-, and 5-yr-old herring comprised 77% of the 1986-87 gill net catch
and 4-, 5-, 6-yr-olds comprised 82% of the 1987-88 season's catch. The
anticipated increase in the relative numbers of 7-yr-old herring in the catch
this season did not materialize.
There was a subtle change in the gill net gear used this season that may
have been responsible for maintaining the age composition of the catch at
predominantly 4-, 5-, and 6-yr-olds. New lighter monofilament net material
effectively lowered the mesh size from 2 1/8 in. to 2 in. The new 2 in. gill
nets measured a legal 2 1/8 in. because the net material stretches easily. The
San Francisco Bay herring catch should have contained a relatively high
percentage of 6- and 7-yr-old herring this season. The new gill net gear used
selected for 4-, 5-, and 6-yr-old herring, resulting in very little change in the
age composition of the catch.
CONCLUSION
The Tomales Bay herring spawning biomass has been highly variable the past
six seasons. Environmental conditions have varied from above normal water
temperature during the 1983-84 EI Nino to the drought conditions of the past two
seasons. Changes in the distribution of the Tomales Bay stock may be
attributable to these environmental factors.
The age and size composition of the Tomales Bay herring catch during this
time have been consistent with the healthy stock concept and does not support the
decline in spawning escapement that has occurred. However, the decline in
spawning escapement cannot be ignored. Further restrictions on the Tomales Bay
fishery will be necessary until spawning escapement improves or the geographic
range of the Tomales Bay population is determined.
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The San Francisco Bay herring population has benefited from five good year
classes (1982 to 1986), and the 1987 year class is expected to be average. Based
on the age and size composition of the catch this season, the population is
healthy and no significant changes in abundance are expected in the near future.
The movement of herring from Tomales Bay to San Francisco Bay is a
possibility. However, confidence limits of the San Francisco Bay biomass
estimates are about four times the average size of the entire Tomales Bay
population (Spratt 1989). Therefore, movements of a few thousand tons of herring
to or from San Francisco Bay would be statistically undetectable. Movements of a
few thousand tons of herring to Tomales Bay, on the other hand, would cause a
significant change in biomass. However, the origin of the herring would still be
unknown.
RECOMMENDATIONS
The relationship among all of California's herring spawning areas remains
unresolved. We have assumed each spawning area contains a separate stock for
management purposes. Now, with more years of data available, the concept of
separate stock management is questionable. This problem may not be resolved
until a full-scale tag and reeovery study is undertaken.
The lighter monofilament gill net material used this season was detrimental
to the fishery •. Fewer females and more 3- and 4-yr-01d herring were taken,
reducing the quality and value of the catch. The absolute minimum gill net mesh
size should be 2 1/8 in. When adequate numbers of older "herring are present in
the population, it would be advantageous to raise the gill net mesh size to 2 1/4
in., in order to target on the older age groups.
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TABLE 1. Age and ~eight Composition of the Tomales Bay Gill ~et
Catch, 1980-81 through 1988-89 Seasons.
-----------------------------------------------------------------
2
Age(years)
3 4 5 6 7 8 9
1980-81 season
Percent by number
Percent by weight
1981-82 season
Percent by number
Percent by weight
1982-83 season
Percent by number
Percent by weight
1983-84 season
Percent by number
Percent by weight
198~-85 season
Percent by number
Percent by weight
1985-86 season
Percent by number
Percent by weight
1986-87 season
Percent by number
Percent by weight
1987-88 season
Percent by number
Percent b~' weight
1988-89 season
Percent by number
Percent by weight
1
1
3
2
2
1
6
5
14
11
4
3
<1
<1
4
3
10
8
8
6
4
3
13
10
13
11
25
23
20
17
11
9
22
18
30
28
21
22
24
21
36
34
27
25
27
27
38
37
31
28
33
30
33
34
28
27
34
33
35
36
33
35
18
20
27
29
34
34
28
31
15
17
25 .
26
24
25
11
13
15
17
10
12
6
7
18
21
9
12
7
8
13
14
11
13
2
3
4
5
5
6
3
4
4
5
3
4
2
2
3
4
3
5
3
4
1
1
1
1
2
3
<2
2
1
2
-----------------------------------------------------------------
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TABLE 2. Mean Length of Pacific Herring from Tomales and SaD Francisco
Bay Roe Fisheries, 1972,-73 through 1988-89 Seasons.
Tomales Ba)· San Francisco Ba~·
--~----~---~----~-- ~-----~------------------
Gill net Round haul
--------------~-----------------
Mean Mean Mean
length Size length Size length Size
Season mm BL range mm BL range mrn BL range
-------~~------------~---------------------------------------~-~-
1972-73 186 150-234
19i3-74 190 146-248 177 134-222
1974-75 189 142-236 178 132-226
1975-76 184 150-230 178 128-230
1976-7; 169 140-216 212 192-236 181 142-228
1977-i8 217 194-248 211 178-236 178 144-232
1978-79 No Samples 203 164-234 183 146-222
19i9-BO 214 196-236 208 184-230 180 148-220
1980-81 208 172-234 205 170-236 178 150-226
1981-82 211 176-236 201 160-228 17i 148-226
1982-83 208 184-236 203 170-230 183 .152-226
1983-84 199 li4-242 205 182-232 165 132-208
1984-85 202 164-232 196 158-238 176 150-206
1985-86 198 166-226 196 166-226 178 142-21~
1986-87 197 174-236 194 168-222 1i4 110-21~
1987-88 201 170-234 195 160-230
1988-89 197 170-236 195 164-226
Note: Tomales Bay has been restricted to gill nets only since 1977.
The 1984-85 season was the first full season in which 2 1/8 in.
mesh was allowed in the San Francisco Bay gill net fishery. In
the 1988-89 season. there was an increase in the use of 2-in.
mesh gill nets in San Francisco Bay. These nets measured 8
legal 2 1/8 in. because the light net material stretched easily
when measured.
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TABLE 3. Length Frequency of the Tomales Bay Gill Net Catch in the
1988-89 Season.
Age
MM BL 2 3 4 5 6 7 8 9
236
234
232
230
228
226-
224
222
220
218
216
214
212
210
208
206
204
202
200
198
196
194
192
190
188
186
184
182
180
178
176
174
172
170
1
1
1
2
2
3
1
2
1
2
1
1
1
1
1
1 1 3
1 2
1 1
1 3
1 1 9
4 5 1
1 11 6
7 2 3
2 19 2
3 14 2
4 12 1
11 9
7 17
2 25 3
4 22 3
5 20
8 9
18 10
13 2
12 1
10
5
2
1
N
Mean
St. dev.
16
179
6.3
80
186
4.3
118
195
4.9
102
204
5.2
34
212
5.4
10
217
7.6
4
2 ')-.. 0
7.5
TABLE 4.
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Mean Weight (g) at Age of Herring in the Tomales Bay
Gill Net Catch by Season.
Season 2 3 4 5
Age
6 7 8 9
lTn~~ted .
mean*
1979-80 130 135 13i 145 188 148
1980-81 92 113 131 141 153 161 177 140
1981-82 83 116 121 147 158 160 172 134
1982-83 100 120 132 150 169 172 140
1983-84 91 106 114 131 141 150 117
1984-85 76 102 109 117 135 151 161 172 135
1985-86 73 94 106 121 137 150 148 162 132
1986-87 89 98 113 127 150 165 186 131
1987-88 78 94 110 125 146 162 166 127
1988-89 88 101 114 134 147 171 192 133
--~--~-~--------~------~~--~-----~~--------------------~-~---~---------
tJn~·ted .
*
mean 7-1 89 106 119 133 148 163 172 134
--~--~--~----~----~~---------------------------~----~---------~---------~
* Calculated from ages 4 through 8 only; they comprise over 95% of the
samples.
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TABLE 5. Female to Male Sex and Biomass (Weight) Ratios
of the Catch for the 1988-89 Season by Area.
Tomales Bay Gill net
Sex ratio
Biomass ratio
San Francisco Bay Gill net
Sex Ratio
Biomass ratio
1:0.8
1:0.8
1: 1. 02
1:1.03
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TABLE 6. Age and Weight Composition of the San Francisco Bay Gill
Net Catch, 1980-81 through 1988-89 Seasons.
2
Age(years)
3 4 5 6 7 8 9
1980-81 season
Percent by number
Percent by weight
1981-82 season
Percent by number 1
Percent by weight <1
1982-83 seasor.
Percent by number
Percent by weight
1983-84 season
Percent by number
Percent by ~eight
1984-85 season
Percent by number
Percent by weight
1985-86 season
Percent by number <1
Percent by weight <1
1986-8i season
Percent by number <1
Percent by weight <1
1987-88 season
Percent by number <1
Percent by weight <1
1988-89 season
Percent by number <1
Percent by weight <1
2
2
3
2
<1
<1
6
5
13
12
7
6
4
3
3
2
14
12
15
13
8
6
<1
<1
21
18
38
36
33
29
20
18
23
19
34
33
31
29
32
29
12
10
29
28
26
27
37
38
32
31
30
31
29
30
32
33
48
46
24
25
13
14
16
18
26
29
29
31
15
16
15
18
18
20
25
26
15
18
7
7
4
5
9
11
9
12
4
5
5
7
8
9
11
13
4
5
3
4
2
3
3
4
3
3
1
1
1
<1
<2
2
4
5
1
1
<1
<1
<1
<1
<1
<1
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TABLE 7. Length Frequency of the San Francisco Bay Gill Net Catch
in the 1988-89 Season.
Age
MM BL 2 3 4 5 6 8 9
-----------------------------------------------------------------
226
224
222
220
218
216
214
212
210
208
206
204
202
200
198
196
194
192
190
188
186
184
182
180
178
176
174
172
170
168
166
164 1
1
1
1
3
11
1 16
2 13
5 17
6 18
1 10 11
1 22 4
2 33 2
2 12 1
1 7 13
17 5
12 1
1 22 1
1 9
2 3
1 3
1
1
1
1
1
2 1
2 1
1
1 3 1
6 1
5 1
4 2
i
2
1
1
-----------------------------------------------------------------
N 1 9 79 111 99 32 9 3
Mean 164 178 184 193 201 210 214 219
St. dey. 5.5 3.8 3.9 4.6 5.0 5.6 4.2
